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reductase activity was lower following exposures to concentrations of 0.5 mmol and higher,
indicating that chlorate, or some reduction product of chlorate, was detrimental to enzyme
functionality. Sodium chlorate was not shown to greatly affect shoot growth in sorghum or
cucumber {Sund and Nomura, 1963). '

, ii. Changes in population growth rates were observed by Van Wijk et al. (1998) in brown
algae (Ectocarpus variabilis) exposed 14 days to relatively small amounts (5 microMolar) of -
chlorate salt. Similar changes were not seen in two species of green algae (Pseudokirchner-iella
subcapitata and Scenedesmus subspicatus) to concentrations up to 144 mg/L and 3137 mg/L,

- respectively (USEPA, 2007a) .

iti. The concentration of sodium chlorate lethal to Daphnia and many fish species were
reported to be greater than 3000 mg/L; however, brown trout are approximately 1000-fold more
sensitive (USEPA, 2007a). Aquatic insects were also relatively resistant to chlorate salt exposures
where reports of lethality (LCso values) were often greater than 30 mg/L (e.g., caddisfly, mayfly;
(USEPA, 2007a)).

iv. The LDsp was reported to be greater than 2500 mg/kg for mallard and northern bobwhite
(USEPA, 2007a). The LCsp for the earthworm (Lumbricus terrestis) could not be determined for
concentrations of sodium chlorate of up to 1000 mg/kg soil, though reductions in biomass may
occur at lower levels (Hague and Ebing, 1983).

(8) Disperse Red 9. Disperse Red 9 (DR9, 1-methylaminoanthraquinone) is an
anthracenedione dye. It is used as a coloring agent for synthetic fabrics and plastics; however, it
" has not been certified for use in cosmetics, food, or drugs (Davidson and Hovatter, 1987b).

(a) Acute Oral. The DR9 was tested for acute oral toxicity in dogs (Martin et al., 1983).
Dogs (number of animals is indicated in parentheses) were dosed at 0 (2), 4000 (3), and 8000 (2)
mg/kg body weight over an 8-24 hour period. The extended dosing period was necessary to
account for the low density of the dye. Blood was collected for clinical chemistry and hematology,
and the dogs were euthanized and necropsied at 14 days post treatment. Feces and urine were
strongly pigmented for the first 48 hours after exposure; however, there were no changes in animal
behavior, clinical values, or findings at necropsy. Martin et. al. (Martin et al., 1983) also
performed metabolism studies using sheep treated with 50 mg/kg body weight DR9. Due to
limitations of the study, only colored metabolites of DRY were measured and Martin and
colleagues concluded that about 40% was excreted as either unmetabolized DR9 or its glucuronide
conjugate.

(b) Subacute Oral. No data found.

(c) Subchronic Oral. No data found.
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(d) Chronic Oral. As part of a 35 compound ca:rcinogeﬁicity experiment, DR9 (500
mg/rat/dose 10 doses at 3 day intervals for 30 days) was fed to female rats followed by 9 months
of observation (Griswold et al., 1968). No organ toxicity was observed upon necropsy.

(e) Acute Inhalation. The DR9 (as a constituent of a M18 smoke grenade) was tested for
acute inhalation toxicity in seven mammalian species (monkey, dog, goat, swine, rabbit, rat, and
guinea pig) (Owens and Ward, 1974). Each species was exposed between 10 and 240 minutes to
concentrations of smoke between 2758-17,946 mg/m’. The combined LCsy for all species was
calculated to be 647,470 mg/min/m® (slope=2.96). Observations of exposed animals included
signs of upper respiratory tract irritation, salivation, and gagging. Urine was reported to be dark
red for 24 hours post-exposure in non-rodent species. In an earlier study, Weeks and Yevich tested
several military pyrotechnic devices, one of which contained DR9 (Weeks and Yevich, 1960).
Groups of 10 male rats, 10 female mice, 5 male guinea pigs, and 5 female guinea pigs were
exposed to 1 or 3 pyrotechnic units in a 700 L. chamber (1000 L = 1 m %) or 4 pyrotechnic units in a
20,000-L chamber. Exposure was whole body and oral ingestion of the combusted products was
not accounted for in the study. All animals exposed to the 3 units/700-L treatment died within 7
days of exposure, while only 3 of the 10 mice died in the same time span under the 1 unit/700-L
treatment. No animals exposed to the 4 units/20,000-L treatment died. Symptoms of exposure are
similar to the observations made by Owens (Owens and Ward, 1974). Microscopic evaluation of
lung tissue revealed only alveolar edema.

(f) Subacute Inhalation. No data found.
{g) Subchronic Inhalation. No data found.

(h) Chronic Inhalation. The DR9 was tested as a component of a brown smoke mixture
(Marrs et al., 1984). Mice, rats, and guinea pigs were exposed for 20 weeks (1 hr/day 5
days/week; total exposures = 100) and observed for an additional 20-51 weeks. The brown smoke
consisted of Solvent Yellow 33, DR9, and Solvent Green 3; animals were exposed to 0, 6.3, 18.6,
or 60.7 grams per minute per cubic meter (g/min-m3) daily dose. High dose effects included an
increase in mortality for guinea pigs and an increase in the lung weight for mice and rats.
Microscopic evaluation of lung sections from mice found that Solvent Green 3 was retained in the -
lungs, but DR9 and Solvent Yellow 33 were not. Pathological lung changes for the middle and
high dose groups (mice and rats) included macrophage infiltration and alveolitis. The significant
non-lung findings were fatty changes to the liver (mice-high dose), biliary hyperplasia (rats-high
dose), and adrenal haemangioma (rats-high dose). The authors concluded that the general lung
response represented a “foreign body” reaction and that below 6.3 g/min-m’ daily dose little
organ-directed toxicity was observed. Additionally, because the smoke tested was a mixture, any
toxic effects can not be attributed solely to DRS.

(i) Dermal. In a study by Martin and coworkers, rabbits were exposed to 2 g/kg DRY
following a standard Draize protocol, no signs of toxicity or irritation were noted (Martin et al.,
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1983). In a different study, Weeks and Yevich (Weeks and Yevich, 1960) applied DR to either
the abraded or unabraded skin of guinea pigs. When the dye was tested by itself, no reaction was
observed; however, when the complete mixture, including the binder (polyvinyl acetate in
methylene chloride) or binder alone was tested sensitivity was observed.

(j) Reproduction and Development. No data found.

(k) Mutagenicity. The DR9 was one of 90 anthraquinone derivatives screened for
mutagenicity using the Ames test. The DR9 tested negative for mutagenicity both with and
without microsomal activation (Brown and Brown, 1976). Corroborative results were obtained by
Brusick and Matheson (1978).

(1) Carcinogenicity. The DR9 was tested in a battery of in vitro and in vivo assays to
determine its carcinogenic activity (Brusick and Matheson, 1978). While DR9 was negative in the
Ames test, it was positive in the mouse lymphoma assay in the range of 200-500 pg/mL. The DR9
was found to have greater activity under +S9 conditions. The DR9 was also positive in the
unscheduled DNA synthesis assay at 50-100 pg/ml. Additionally, it was also noted that DR9 was
very cytotoxic to the assay systems. /n vivo dominant lethal assays were performed using mouse
and rat. The mouse test results were negative at 200, 670, and 2000 mg/kg. Rat results were
considered negative, based on the evaluation of unusual negative control values. Griswold et al.
(1968) tested DR9 along with 34 other compounds for mammary carcinogenicity. The DR9 (500
mg/rat/dose, 10 doses at 3 day intervals for 30 days) was fed to 20 female rats followed by 9
months of observation (Griswold et al., 1968). For DR9, mammary tumor incidence was not
higher than in control animals. One tubular adenocarcinoma of the kidney, a rare form of cancer
for this strain of rat, was observed in DR9-treated rats but the significance of the finding was not
addressed. Two minor (12 percent) combustion products of DR9 have been identified: 1-
aminoanthraquinone (1-AA) and 2-aminoanthraquinone (2-AA) (Lundy and Eaton, 1994). The 1-
AA is described as a likely carcinogen; 2-AA was studied in detail and found to be a carcinogen in
male rats (2-AA dose to induce tumors in half the test animals TDsp=101 mg/kg-day) and in both
male and female mice (TDs;=1190 mg/kg-day). The 2-AA was also tested in the Griswold et al
study (Griswold et al., 1968). No mammary tumors were observed, however at the dose tested
(100 mg/rat/dose, 10 doses at 3 day intervals for 30 days) a high proportion of the treated animals
had cystic changes to the kidneys.

(m) Ecotoxicology. The transformation of DR9 in anoxic sediment was examined by
Baughman and Weber (1994). They conclude that DR9 will not persist in the environmental
conditions tested and determined the half-life to be <2 days. The sediment reaction products
identified using the gas chromatograph/mass spectrometer (GC-MS) from the transformation of
DR9 were anthraceneone/anthrone isomers with predicted half-lives of 87 days. Low water
solubility and hydrophobicity (K. = 4.1; (Garrison, 1992)) suggest DR9 will not stay in the water
column but be adsorbed to the soil. The potential for bioaccumulation is moderately high with a
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BCF estimated to be 1000. However, photo degradation and rapid transformation in soils suggest
DR9 persistence is low.

(9) Solvent Green 3. Solvent Green 3 (SG3) is an anthracenedione dye. A very extensive
review of the compound, its manufacture, and environmental fate was prepared by Davidson and
Hovatter (1987a), some of whose details are presented below. According to this report, 90-95
percent of the dye in a smoke grenade formulation sublimes during operation of the grenade. The
remaining 5-10 percent decomposes to polynuclear aromatic materials, including polynuclear
aromatic hydrocarbons, but no ring-opening reactions occur. Some of the decomposition products
are reported to be 1-p-toluidinoanthracenedione, 1-p-toluidino-4-aminoanthracenedione, p-
toluidine, 1-amincanthracenedione, and 1-p-toluidineanthrone (Chin and Borer, 1983; Chin et al.,
1984).

(@) Acute Oral. The LDjsg for SG3 is reported to be 3660 mg/kg in rats (Marhold, 1972},
>10,000 mg/kg in rabbits (Dacre et al., 1979; Davidson and Hovatter, 1987a), and >1000 mg/kg in
dogs (Davidson and Hovatter, 1987a).

(b) Subacute Oral. No data found.
(c) Subchronic Oral.

i. In a 6-week range-finding study in rats, SG3 was administered in the diet at

- concentrations between 0.1 and 3.0 percent. The daily doses normalized against body weight were
119-3540 mg/kg at week 1 and 63.9-2270 mg/kg at week 6. There were no deaths or gross signs
of toxicity. Some animals were found to have small thyroid glands, but no histopathological
abnormalities were noted on necropsy. Gross degenerative changes in the liver were observed and
confirmed by histopathological examination, which showed an increase in vacuolated cells around
the hepatic central vein. No other effects were observed (Davidson and Hovatter, 1987a).

ii. Ina 90-day subchronic study, two dogs were fed a diet containing 1 percent SG3 during
weeks 1 and 2 (290 mg/kg-d). The concentration was increased to 2 percent during week 3 (570
and 500 mg/kg-d), and 3 percent during week 5. The weight-normalized doses fluctuated between
610 and 1400 mg/kg-d during the remainder of the experiment. There were no gross signs of
toxicity, and no significant changes in body weight. Necropsy revealed only an accumulation of
dye in the pelvis of the kidney, in the mucosa of the small and large intestines, in adipose tissue,
and in the gall bladder. No histopathological alterations were observed (Davidson and Hovatter,
1987a).

(d) Chronic Oral. Cichowicz and Wentsel (1983) described a study in which rats and dogs

were administered SG3 in their diets at concentrations of 0.25, 1.0, or 3.0 percent for 2 years
(Cichowicz and Wentsel, 1983). No effects were found, even at the highest concentrations.
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(¢) Acute Inhalation. Short-term inhalation studies on SG3 were reported by Henderson, et
al. (1985b) and Medinsky, et al. (1986). Fisher 344 rats were exposed for 60 minutes to acrosols
of Sotvent Yellow 33/Solvent Green 3 mixture by inhalation. The average final conceniration of
dye in the exposure chamber was 246 mg/m’, and the mean partzcle size was 2.6 um. The
concentration of SG3 in the mixture was calculated to be 154 mg/m®. Animals were sacrificed at
times up to 72 hours to determine the amount of SG3 deposited in the lungs. A total of 360 pg
was found to have been deposited in the entire respiratory tract, with 310 pg in the upper
respiratory tract and 50 pg in the lungs and bronchi. Solvent Green 3 was not cleared from the
lungs during the sampling period.

(f) Subacute Inhalation. No data found.
(g) Subchronic Inhalation.

i. Marrs, et al. (1984) exposed female mice, rats, and guinea pigs to a smoke formulation
containing 19 percent Solvent Green 3, 13 percent Solvent Yellow 33, and 16 percent Disperse
Red 9 for 1 hour/day, 5 days/week, for 20 weeks, or a total of 100 exposures. Three levels of
exposure were employed for each group, with the low group being approximately 106 pg/L, the
median group 319 pg/L, and the high group 1012-1162 pg/L. They noted that SG3 was retained in
the lungs, and marked alveolar macrophages were found, especially in the rats. Several other
adverse findings were noted including adenocarcinomas of the breast in the high-dose group and a
dose-related incidence of biliary hyperplasia in females of all three species. Fatty change was
noted in the livers of the mice. A large number of high-dose guinea pigs died during the exposure
period, resulting in cessation of the testing for that group after only 16 exposures; guinea pigs at
lower doses were unaffected. All test species showed reduction in growth during the exposure
period.

ii. Several publications from a single group reported on subchronic inhalation studies
conducted with rats (Henderson et al., 1985a; Henderson et al., 1985b; Sun et al., 1987). Solvent
Green 3 was retained in the lungs of rats exposed repeatedly to aerosols of Solvent Yellow
33/Solvent Green 3 (30:70) mixture at concentrations of 11, 49, or 210 mg/m’ for 6 hours/day,

5 days/week for 4 weeks, and at 1.1, 10.2, or 101 mg/m’ 6 hours/day, 5 days/week for 13 weeks.
(90 days). Three rats from each group were sacrificed 16 hours after the last exposure, the lungs
excised and homogenized, and measurements made of the amount of SG3 present. A large
fraction of the dye was retained: 14-33 percent after the 4-week exposure and 16-21 percent after
the 13-week exposure. In the 4-week study, animals exposed at the highest concentration showed
a 7% reduction in body weight with respect to controls. They also exhibited reduced pulmonary
gas exchange efficiency, airflow obstruction, mild pulmoenary inflammation, slight Type II
pulmonary epithelial cell hyperplasia, and proliferation of vacuolated alveolar macrophages.

iii. Inthe 13-week study, animals exposed at the highest concentrations demonstrated a 9
percent loss of body weight relative to controls and had accumulations of vacuolated alveolar
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macrophages in the lungs. Rats exposed to the highest dye concentrations also had indications of
mild pulmonary inflammation and slight Type II pulmonary epithelial cell hyperplasia. Significant
amounts of the SG3 component were detected in the lungs after any exposures, while the Solvent
Yellow 33 was rapidly cleared. In order to determine the rate of clearance of SG3 from the lungs,
animals exposed to the highest dose were sacrificed at various times after the last day of exposure.
Clearance half-times were determined to be 277 £ 67 days for males and 289 + 40 days for
females. Because the aerosols of Solvent Yellow 33/Solvent Green 3 mixtures caused microscopic
lesions in rats at the medium concentration (10 mg/m®) but no exposure-related lesions at the low
concentration it was determined that the NOAEL was 1 mg/m3 (Henderson et al., 1985a).

(h) Chronic Inhalation. Although chronic inhalation studies were identified as a data gap
by Davidson and Hovatter (1987a), no appropriate studies appear to have been done in the
intervening 21 years.

(i) Dermal.

i, Subchronic and chronic dermal toxicity tests revealed that 500 mg/kg of SG3 in
petroleum or hydrophilic base applied to rabbit skin for 13 weeks, or single weekly applications of
1 mg of SG3 in 0.1 mL of benzene to the skin of mice for 95 weeks did not cause significant local
or systemic effects. The thyroid glands in the male mice were enlarged, but histopathological
examination did not show an effect (Davidson and Hovatter, 1987a).

ii. Technical grade formulations of SG3 may induce hypersensitivity. Fujii (2003)
sensitized guinea pigs with 1 percent commercial grade dye, and found a dose-dependent
hypersensitivity reaction on subsequent challenge. Dye purified by recrystallization failed to
induce a similar response. Further investigation found that an intermediate in the synthesis of the
dye, quinizarin, was the source of the induced hypersensitivity.

() Reproduction and Development. Solvent Green 3 is not teratogenic in rats or rabbits
(Davidson and Hovatter, 1987a; USEPA, 2005a).

(k) Mutagenicity. Solvent Green 3 was negative in the Ames Salmonella test (Brown and
Brown, 1976).

(1) Carcinogenicity. Solvent Green 3 is not carcinogenic in the Mouse Lung Tumor
bioassay (Davidson and Hovatter, 1987a).

{m) Ecotoxicology.
i. Aquatic Toxicity. The USEPA conducted structure-activity analysis for concentrations
from 1-200 parts per billion (ppb) in aquatic environments and found no concerns related to

aquatic toxicity at these concentrations (USEPA, 2005a). At a concentration of 10 mg/L, SG3 is
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reported to cause a transient reduction in the growth of Selenastrum capricornutum (green algae)
(Davidson and Hovatter, 1987a).

ii. The hydrophobic nature of SG3 indicates that when released into aguatic systems, the
dye will occur in a particulate form that may be deposited in bottom sediments (Davidson and
- Hovatter, 1987a).

iii. Static acute bioassays to determine the mean tolerance level (TLsq) of Pimephales
promelas (fathead minnow) to SG3 have been conducted. Because of its insolubility, the dye was
first dispersed as a 15 percent (by weight) solution in Reax 83-A solvent. Ten fish per group were
exposed for 96 hours to 10, 18, 32, 56, or 100 mg/L. Temperature and pH were monitored during
the exposure and found to be relatively constant during testing. Dissoived oxygen decreased
during testing, so tanks were aerated for 5 minutes at 48 hours. Alkalinity of the water at the start
of testing was determined to be 19 mg/L as calcium carbonate. The 96-hour TLsy was found to be
>100 mg/L. (Davidson and Hovatter, 1987a).

iv. Fisher, et al. (1987) studied the acute toxicity of a Solvent Yellow 33/Solvent Green 3
(30:70 ratio) mixture in eight aquatic species of fish and invertebrates (Fisher et al., 1987). Fish
species tested were Pimephales promelas (fathead minnow), Ietalurus punctatus (channel catfish),
Lapomis macrochirus (bluegill), and Salmo gairdneri (rainbow trout). Invertebrate species tested
were Daphnia magna (water flea), Gammarus pseudolimnaeus (amphipod), Hexagenia bilineata
(mayfly larvae), and Paratanytarsus parthenogeneticus (midge larvae). All species were tested at
the aqueous solubility limit of the dyes at various temperatures. The SG3 component was very
insoluble and was not detected at the detection limit of 0.002 mg/L of the high-performance liquid
chromatography (HPLC) system employed to monitor dye concentrations in this experiment. No
mortality was observed in any of the test species at the solubility limits of the dyes.

(10) Stearic Acid. Stearic acid is a naturally-occurring fatty acid of animal origin. Itis
used in the manufacture of soaps and cosmetics, and as a hardener in candles. Stearic acid exists
as an amorphous solid or leaflet, and it has a slight odor and tastes of tallow. Because of its
production and use in stearates and stearate driers, lubricants, soaps, pharmaceuticals and
cosmetics, shoe and metal polishes, coatings, food packaging, suppositories, ointments, as an
accelerator activator, and as a dispersing agent and softener in rubber compounds, it is expected to
be released into the environment from several sources. In the ambient environment, stearic acid
exists in both vapor and particulate phases, and it has an extrapolated vapor pressure of 7.2 x 107
millimeter of mercury (mmHg) at 25° Celsius (Daubert and Danner, 1989). In addition, a Ko
value of 7.2x10° indicates that stearic acid is immobile in soil, and a Henry’s Law constant of
4.8x1077 atm-m*/mol suggests that volatization from dry soil or water is not expected. It is
poisonous by intravenous route, and is a human skin irritant. In rats, it is highly toxic when
presented intravenously, and it can cause convulsions and affect the rats’ seizure threshold.
However, it is only slightly toxic in rats when administered orally. In humans, it is practically
nontoxic (Drill and Lazer, 1977). '
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(a) Acute Oral. The LDy for rats has been determined to be 4600 mg/kg (CIDPL).
(b) Subacute Oral. No data found.

(c) Subchronic Oral. No data found.

(d) Chronic Oral. No data found.

(e) Acute Inhalation. No data found.

(f) Subacute Inhalation. No data found.

{g) Subchronic Inhalation. No data fouﬁd.

(h) Chronic Inhalation. No data found.

(i) Dermal. No data found.

(1) Reproduction and Development. No data found.

(k) Mutagenicity. Results of Ames tests performed with a wide variety of Salmonella
strams have been negative for stearic acid (CCIRS, 2009).

() Carcinogenicity. No sarcomas at the injection site were noted in mice given injections
of 0.05 mg stearic acid once weekly for 6 months and observed for 21 months (Sullivan and
Krieger, 1992). Neither the NTP nor the TARC has a human cancer classification for stearic acid.
Preliminary data indicates that stearic acid may inhibit tumor development in rats (Habib et al,,
1987).

(m) Ecotoxicology. The 96-hour LCsq for Coho salmon (Oncorhynchus kisutch) was found
to be 12 mg/L (Leach and Thakore, 1977).

(11) Sucrose. Sucrose, common table sugar, is listed as a direct food substance affirmed by
the FDA as GRAS when used in food with good manufacturing practice.

(a) Acute Oral. The rat oral LDsg value is reported as 29,700 mg/kg (Sax, 1984).
(b) Subacute Oral. No data found. |

(¢) Subchronic Oral. No data found.

(d) Chronic Oral, No data found.
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(e) Acute Inhalation. No data found.
() Subacute Inhalation. No data found.
(g) Subchronic Inhalation. No data found.

(h) Chronic Inhalation. Sucrose is not particularly toxic when inhaled but is considered to
be a nuisance particulate. The OSHA PEL for sucrose is 5 mg/m3 TWA, and the NIOSH REL has
been determined to be 5 mg/m’ TWA (ICSC, 2003).

(i) Dermal. No data found.

(j) Reproduction and Development. No data found.

(k) Mutagenicity. No data found.

(1) Carcinogenicity. Sucrose is not classifiable as a human carcinogen (ACGIH, 2005).
(m) Ecotoxicology. No data found

(12) Vinyl Acetate Alcohol Resin (VAAR). Vinyl Alcohol Acetate Resin is prepared by
partial hydrolysis of polyvinyl acetate polymer and consists of methyl acetate, vinyl acetate
monomer, polyvinyl alcohol, and impurities. Due to the polymeric nature of VAAR, the molecular
. weight is variable. The VAAR product is used in the formulation for Black Smoke (PYRO 05-01),
as well as several other systems. The current Black Smoke formulation contains 1 percent VAAR.
The percent composition for VAAR is 72 percent methyl acetate (technical grade; ~82 percent
purity), 23 percent vinyl acetate, 5 percent polyvinyl alcohol, and 13 percent impurities. Toxicity
data for VAAR could not be found; therefore as a substitute, toxicity data for the components of
VAAR were reviewed and are summarized in the following section.

(a) Methyl Acetate (CAS RN 79-20-9). Methyl acetate is a solvent for many resins. There
are data on the low toxicity of methyl acetate. From the CIDPL database, the oral LDj, for rat is
>5 g/kg and for rabbit is 3705 mg/kg (CIDPL, 2009b). Inhalation data include rat lethal
concentration low (I.CL,) 32,000 ppm/4hr, mouse LCy, 34 gm/m3/4 hour, and human toxic
concentration low (TCy,) 15,000 mg/m3 (CIDPL, 2009b). Methyl acetate is negative in the Ames
mutagenicity assay both with and without S9 activation (CCRIS, 2009¢). Little aquatic toxicity
data is available; fathead minnow LCsp was reported to be between 320,000-408,000 pg/L
(USEPA, 2007a).

(b) Vinyl Acetate (CAS RN 108-05-4). There is considerable toxicity data for vin'yl
acetate. The acute toxicity of vinyl acetate is low: oral LDsq’s for rat and mouse are 2900mg/kg
and 1600 mg/kg, respectively (CIDPL, 2009f). The LCjs inhalation values are 11,400 mg/m’/4
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hour (rat), 1550 ppm/4 hour (mouse), and 2500 ppm/4 hour (rabbit) (CIDPL, 2009f). Vinyl
acetate was negative in the Salmonella typhimurium Ames mutagenicity assay both with and
without S9 activation; however, it was positive in lymphoma assays (micronucleus and sister
chromatid exchange) (IARC, 1995). A dose-dependant increase in nasal lesions and tumors was
observed in chronic inhalation exposure studies of rats and mice (IARC, 1995). Carcinogenicity
data is confounded by evidence that vinyl acetate is rapidly metabolized in vivo to acetaldehyde
(Thurman and Kauffman, 1992). Because viny] acetate is so widely used in a variety of
manufacturing processes there are established occupational exposure limits; the TWA is 10 ppm
and STEL is 15 ppm (CIDPL, 2009f). The FDA has approved the use of vinyl acetate as a food
starch modifier (21 CFR 172.892) and as the copolymer vinyl acetate/crotonic acid for food
packaging (21 CFR 175.350).

(¢) Vinyl acetate toxicity has been tested on several aquatic species. Population effects in
algae species was observed at an lowest-observed effect concentration (LOEC) of 370,000 pg/L;
behavioral effects in Daphnia magna were observed at an ECs of 52,000 pg/L and Daphnia
mortality ECss was 330,000 pug/L (USEPA, 2007a). The toxicity to several fish species has been
evaluated as well. The LCsy for fathead minnow (Pimephales promelas) is approximately 24,000
ug/L; guppy (Poecilia retculata) 31,080 pg/L, bluegill (Lepomis macrochirus) 18,000 pg/L, and
goldfish (Carassius auratus) 42,330 pug/L (USEPA, 2007a).

" (d) Polyvinyl Alcohol (CAS RN 9002-89-5). Polyvinyl alcohol is a polymer prepared from
polyvinyl acetates. It is used as a pharmaceutics aid and ophthalmic lubricant and in the
manufacture of surface coatings (CIDPL, 2009¢). The rat oral LDsgis > 20,000 mg/kg, and the
mouse oral LDsp is 14,270 mg/kg. Based on rat 90-day and 2 generation toxicity studies, the
FAO/WHO identified a no-observed effect level (NOEL) of 5000 mg/kg and calculated an
acceptable daily dose (ADI) of 50 milligrams per kilograms per body weight per day (mg/kg
bw/day) (FAO/WHO, 2004). Estimated U.S. dietary intake is approximately 8.3 mg/kg bw/day
(FAO/WHO, 2004). A search of the ECOTOX database returned zero results (USEPA, 2007a).
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Table 4. List of Physical and Chemical Properties

Ag.sol,
(mg/L) @ Henry's Law Constant
Compound MW by (°C) 25°C log Kow | log Koc | (atm-m*/m @ 25°C) vp (mmHg)
Igniter
Charcoal/carbon CAS # 7440-44-0 12.012 >4300° Insoluble n/a n/a n/a nfa
. O m.p. ~70°2

Gum Arabic CAS # 5000-01-5 240,000 b.p. 383°° 0.597° n/a n/a n/a n/a
Potassium Nitrate CAS # 7757-79-1 4 m.p. 333% o

101.1 Decomp 400%¢ | 3574 n/a n/a n/a n/a
Sulfur CAS # 7704-34-9 32.06* 444.6° Insoluble® | n/a n/a a 3.95E-06@30°C
Ethyl Acetate CAS # 141-78-6 88.12 77°°¢ 3.0E+04° | 0.73° 1.26 1.34E-04 © 93.4°

Black Smoke
, 103 (cold
Magnesium Carbonate CAS # 546-93-0) 8439 Decomp 350°° | water)® o/a wa la o/a
Potassium Chiorate CAS # 3811-04-9 122.54 ¢ Decomp 400°¢ | 734 n/a na n/a Negligible @20C*4
) 4.107 4038 2.97E-08¢
Disperse Red § CAS # 82-38-2 23726 mp. 171C° 0.119° Exp. Est. Est. 7.0E-09
: ' Insoiuble® | 8.690°¢ 6.63% 1.47E-16¢

Solvent Green 3 CAS # 128-80-3 41858 mp. 218° Est. Exp. Est. Est. 7.05E-13 8 Est.
Stearic Acid CAS # 57-11-4 8237 1 4.71F

284.48* 3830 0.568 ° Exp. Est 4.76E-7 & Exp. 7.22E-07 & Ext.

3827 | 2218

Sugar (Sucrosc) CAS # 57-30-1 3423 8 185.5° 2.1E+06° | Est. Est. 4 ATE-22 # Est. 5.15E-17° Est.
Vinyl alcohol acetate resin (VAAR) '
CAS #25213-24-5 Varies; large | nd nd nd nd n/a n/a

n/a = not applicable; nd = no data; Est.= estimated; Exp= experimental; Ext.= extrapolated

O’ Neil, 2006
HSDB, 200%a
CIDPL, 20052
{PCS-ICSC, 2009
EnvCan, 1981
Ashford, 1994
£ USEPA, 2008
; Hou, 1991

Tetko, et al., 2005

&
b
c
d
<]
f
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Table 5. Toxicological Properties

Sub-acute Subchronie Chronic
LD50 NOAEL/LOAEL NOAEL/LOAEL
Compound Acute LDs, (mg/ko) (mg/kg/d) (mg/ke/d) {mg/kg/d) Mutagenicity Carcinogenicity
Igniter
Charcoal >15,400° (rats) Inhalation of particulates can
CAS # 7440-44-0 >3000° (rabbits) n/a n/a n/a n/a activate immune response.
Gum Arabic 16, 000 (rat) NOAEL 5 g/kg-d © s .
CAS # 9000-01-5 80,000 (rabbit)’ n/a a LOAEL 14 g/ke-d nd . Negative in rats and mice
Potassium Nitrate 3750 (rats) ¢ 365 mg/kg/day NOAEL . ¢ | Equivocal- conversion to nitrite
CAS # 7757-79-1 1901 (rabbit) ¢ nd nd (rat-lifetime)* Negative Ames increases reactivity of molecule.
Sulfur >5mgkg’ . P 1
CAS # 7704-34-9 >2.56 mg/L | n/a n/a n/a Negative Ames Negative
5620 (rat) ®
. LOAEL 3600 .
g g
](EItAh)SA#? 1032%?8-6 éﬁ90305(51r12:)t:1bslg g n/a NOAEL 900 nd Negative Ames * Ncgl;{t?\%:t[l)‘;g ﬁa?rrow &
5500 (guinea pig) ® (rar)
Black Smoke
Magnesium Carbonate
CAS # 546-93-0 n/a n/a n/a a nd nd
1870 (rat; LD50)" 3@82}?")‘;’?;
Potassium Chlorate 1200 (dog; LDLo} b ad 45 (rat-female; nd nd 2000mg/L (rat; increased thyroid
CAS # 3811-04-9 2000 (rabbit; LDLo) " NOAEL)" ’ neoplasia)®
670 (rat; MTD) M

. >8000 {dog/oral), . Pos. In vitro

gﬁgef?z{_z%?z >2000 (rabbit/skin) nd nd Estlmatifllgi%gmg/k g/day Negative Ames " Neg. dom. Lethal

>2000 mg/m’ (4 h mult. species)

Neg. mammary carcinogenesis "

2"Registry of Toxic Effects of Chemical Substances { RTECS), 2006

Sax, 2001
c

[=1

Sax, et al., 1989
HSDB, 2008a
USEPA, 1991a

D

1.1 CIDPL., 2009a

Anderson, et al., 1582

& Thurman, et al., 1992

! McCauley, et ak., 1995

]

K'NTP, 2005

Owens, et al., 1974

Reported as sodium chlorate

™ Griswold, et al., 1968

" Brusick, et al., 1978
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Table 5. Toxicological Properties (continued)

Sub-acute - Subchronic Chronic
LD50 NOAEL/LOAEL NOAEL/LOAEL
Compound Acute LDs, (mg/kg) (mg/kg/d) {mg/kg/d) (mg/ko/d) Mutagenicity Carcinogenicity
3660 (rat)° :

Solvent Green 3 >10,000 (rabbit) ? n/a /a nfa Negative Negative ?
CAS # 128-80-3 >1000 (dog) ?
e LD1o 4640 (rat) ® wa nd nd Negative " Negative
(Sj‘:g’;cs st 29,700 mg/kg (rat) " nfa na nfa N‘;}%f;:{;ﬁg‘ﬂse nfa
Vinyl alcchol acetate
resin (VAAR)
Components

> 5000 (rat)

3705 (rabbit)® n/a n/a n/a Negative ' nd

Methyl acetate LCLo 32,000 ppm/ dhr *
2900 (rat) 1600 (mouse) 11,400 TWA 10 m Pos. micronucleus and SCE"
mg/m3/4br (rat), 1550 ppm/dhr | gt PP o o Negative." Carcinogenicity data is confounded;
(mouse), and 2500 ppm/4hr b a n gatve vinyl acetate is rapidly metabolized
Vinyl acetate | | (rabbit} * in vivo to acetaldehyde *
> 20,000 (rat w
Polyvinyl alcohol 14,270 (mouse% v n/a n/a ADI 50 mg/kg/bwid nd nd

n/a= not applicable; nd = no data

© Marhold, 1972
P Davidson, et al., 19872
f HSDB, 20092
- CCRIS, 2009
CIDPL, 2000b
CCRIS, 2009¢
JARC, 1995
Thurman, et al., 1992
FAO/WHO, 2004

s o~

v
w
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Table 6. Human Health Impact Assessment

Compound Acute Sub-chronic Acute Sub-chronie Cancer
Toxicity Toxicity Inhalation Inhalation Probability | Comments
Igniter
Charcoal Low Low Low Low Low Lung irritant in high concentrations.
Acacia is a common natural ingredient found in food
Gum Arabic Low and cosmetics. GRAS for oral consumption may be
Low Low {expected) Low (expected) | Low lung irritant if aerosolized or as powder.
Causes erythrolysis (anemia) at high concentrations,
Potassium Nitrate some nitrates may from N-nitroso compounds in gut
Low Low Unknown Unknown Low leading to carcinogenesis.
Sulfur Low Low Low Low Low Ubiquitous element
Ethyl Acetate Unhydrolyzed esters cause mild !ocal irritation and
Low Unk Low Mod Low Central Nervous System depression
No toxicity data on black powder was located, however
Black Powder none of its components are believed to be partic.ularly
toxic. Quantity used is small and consumed during
Low Low Low Low-Mod. Low ignition.
Black Smoke
Magnesium Carbonate Substance added directly to human food affirmed as
Low Low Low Low Low generally recognized as safe (GRAS).
May cause erythrolysis at high doses (anemia, kidney
. effects). Some states regulate as “chlorates” (e.g.
Potassium Chlorate Maine): 7 pg/L water gﬁ?deline for chlorate i(on% CA=
Low—Mod. | Low—Mod. Unknown Unknown Low —Mod. i 800 pg/L). _
Disperse Red 9 Reported to be an irritant; NAS deems expcrir.nental
Low Unknown Unknown Low Low —Mod. [ data insufficient to assess disperse red 9’s toxic effects.
Solvent Green 3 - | Main toxicity concern is of inhalational exposures,
Low Unknown Low Moderate Low —Mod. | where the Y%-life in the lung = 280 d.
Stearic Acid Low Rcvcrsible‘lipogranulomas in adipose tissue occurred in
Low Low {expected) Low (expected) | Low rats following 24 w exposure to 50 g/kg-d.
Sucrose Low Low Low Low Low Generally accepted as safe (GRAS) ingestion item.
. . Few data exist for polyvinyl acetate; data for vinyl
x;y;ﬁ; ohol acetate resin acetate suggest low toxicity, but possible
Low Low {expected) | Low-Mod. Moderate Low carcinogenicity.
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Table 7. Assessment of Ecotoxicological Data

Compound Aquatic Invertebrate Plants Mammalian Avian Comments
Igniter
Charcoal ; Low (bobwhite, Non reactive in many biological
data used: Carbon Low (carp) Low (modeled) Low (expected) Low (rats, mice) inhal.) systems.
Gum Arabic Generally recognized as safe
Low (expected) Low (expected) Low (expected) Low Low (expected) (GRAS) ingestion item
Low (fish, Daphnia . Few toxicity data exist for
Sulfur . » Laphnia, Low (shrimp) Low (suspected}) Low (rats, rabbits) Low (bobwhite) elemental sulfur; however,
shrimp) .
toxicity is suspected to be low.
Potassium . Any toxicity would be expected
Nitrate Low (Daphnia, algac, | Low (e?rthworms, Low {algae) Low (rats, mice) nd from the nitrate anion (expected
fish spp.) Daphnia) .
low for all species).
Low-catfish, algae; . Low-rats, mice, Low-chicken Environmental half-life
Ethyl Acetate Mod-Daphnia Mod-Daphnia Low-algae rabbits eggs expected to be short.
No toxicity data on black
powder was located; however
Black Powder Low (expected) Low (expected) Low (expected) Low {expected) Low (expected) none of its components ace
believed to be particularly toxic.
Black Smoke '
Magnesium Generally recognized as safe
Carbonate Low Low Low Low Low (GRAS) ingestion item.
Potassium Low (Dap hm'a, Low (Dap hm'a, Low-moderate (algae, . Low (mallard, - Few subchronic (sublethal)
mayfly, caddisfly, mayfly, caddisfly, soybean, sorghum, Low (rats, mice) .
Chlorate bobwhite) data.
fish) earthworm } cucumber )
Disperse Red 9 ‘ Insufficient data; low solubility
P nd nd nd Low (rats, dogs) nd and short half-life suggest little
environmental exposure.
Inhalational exposure of
Solvent Green 3 nd nd nd Low (rats) nd concern due to poor solubility
in the lung.
Stearic Acid Low {salmon) nd nd Low (rats) nd -li:l;tlvely safe saturated fatty
Generally accepted as safe
Sugar (Sucrose) Low Low Low Low (rats) Low (GRAS) ingestion item.
Vinyl alcohol . : Data represent those available
acetate resin I}Sc;wh(nf;l;h;l?:tigae,) LE:)r \;rm(]:;aphma, Low (algae, corn, bean) Low (rats) nd for vinyl acetate, a primary
(VAAR) pinia, Shrimp i P component of VAAR.
nd=no data
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8. DISCUSSION,

a. Black Smoke System. The current black smoke system produces black smoke through the
incomplete combustion of PAHs. This formulation along with the products of combustion creates
many compounds which are of regulatory concern. Some of these compounds are known toxicants
that fall under different regulations and agreements. The proposed formulation operates
differently by the assimilation of dye to produce black colored smoke. Based upon known, or
estimated, properties of components or similar substances, projected range amounts, and
conditions of use, none of the PYRO 05-01 work unit’s proposed alternative Black Smoke
components are considered to be of immediate environmental or human health concern and the
proposed formulation, as a whole, is an improvement over the current formulation. Although not
in these specific combinations or use(s), the majority of the PYRO 05-01 work unit compounds
have established manufacturing, occupatlonal safety, regulatory history and human health
histories.

b. Regulatory Considerations. A search for regulatory requirements under the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA), Toxic Substances Control Act (ISCA),
Resource Conservation and Recovery Act (RCRA), and Comprehensive Environmental Response,
Compensation, and Liability Act/Superfund Amendments and Reauthorization Act
(CERCLA/SARA) related to components of this Black Smoke formulation resulted in the
information below. Industrial standards set by NIOSH and OSHA are also included. No
additional requirements were discovered.

(1) Gum Arabic is exempted from a tolerance under FIFRA when used as a surfactant,
suspending agent, and dispersing agent when used according to good agricultural practices as an
inert ingredient applied as part of a pesticide formulation or to raw agricultural commodities after
harvest. Gum Arabic is GRAS as a component of human food by the FDA (FHSDB, 2009¢).

(2) Potassium nitrate is approved as a component of rodenticides under FIFRA. Potassium
nitrate is used as a curing agent for cod roe, and may not exceed 200 ppm in the finished roe.
Drinking water standards exist at the Federal level, and for the states of Maine and Minnesota,
with all three standards being identical at 10,000 pg nitrate ton/L (HSDB, 2008a).

(3) Ethyl acetate is exempt from requirements for a tolerance under FIFRA when used as a
solvent or co-solvent in accordance with good agricultural practices. Ethyl acetate is GRAS for
human consumption when used in small quantities in inks used for marking fruits and vegetables,
or in synthetic flavoring substances. Releases of over 5000 1b (2270 kg) are reportable under
CERCLA,; spent ethyl acetate must be handled as a hazardous Waste under RCRA (HSDB, 2009b).
The NIOSH REL and OSHA PEL are both 400 ppm (1400 mg/m®) TWA (Lewis, 2004).

(4) Magnesium carbonate is exempt from the requirement of a tolerance with used as an
anticaking or conditioning agent in accordance with good agricultural practices as inert (or.
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occasionally active) ingredients in pesticide formulations under FIFRA. As a food additive,

" magnesium carbonate is GRAS and is included in the list of antacid products for over-the counter
human use (HSDB, 2009d) Magnesium carbonate has a NIOSH REL of 10 mg/m’ TWA for total
particulates, and 5 mg/m’ TWA for respirable particulates. The OSHA PEL is 15 mg/m® TWA for
total particulates and 5 mg/m® TWA for the respirable fraction (ICSC, 1995).

(5) Potassium chlorate is subject to state drinking water guidelines in California (800 pg
chlorate/L) and Maine (7 pg chlorate/L) (HSDB, 2009%¢).

(6) Stearic acid added to human food is GRAS (HSDB, 2008b).

(7) Sucrose is exempt for requirement for a tolerance under FIFRA when used as a solid
diluent, carrier, or safener according to good agricultural practices as inert (or occasionally active)
ingredients in pesticide formulations applied to growing crops, raw agricultural commodities, or
amma.ls Added to human food, it is GRAS (HSDB 2008¢). The OSHA has set a PEL of 10
mg/m*® TWA for total particulates and 5 mg/m TWA for the respirable fraction., and the NIOSH
REL has been determined to be 15 mg/m® TWA for total particulates and 5 mg/m’ TWA for the
respirable fraction (HSDB, 2008c).

c. Areas of Uncertainty.

(1) Historically, the dyes used in signaling functions of military smoke formulations have
been scrutinized as potential toxicants. Most of the dyes used are based on the anthraquinone
molecule and the potential for toxicity and carcinogenicity is owed, in part, to the functional
groups’ identity and position on the triple-ringed anthraquinone structure. For the proposed Black
Smoke formulation, the two dyes, DR9 and SG3, have molecular structures that are predicted to be
less toxic than many other anthraquinone derivatives. The toxicological data currently available
on the dyes employed in this formulation suggest they appear to be of low toxicity individually;
however, there are no data on exposure to the dye mixture. It is possible that under the
deployment conditions of the pyrotechnic device, recombined products may be generated or novel
interactions may occur that modify the toxicity profile. For example, the persistence of SG3 in
lungs may act synergistically with the irritant properties of DR yielding an increased toxicity.
Inhalation testing of the “as used” formulation is recommended to investigate the potential for
increased toxicity of the combusted formulation.

(2) Potassium nitrate is an example of a substance whose by-products might be of concern;.
however, due to the small amounts of potassium nitrate employed and the projected routes of
exposure, the risks appear to be small. It would take decades of heavy use of these formulations to
generate enough nitrites to be of concern comparable to that of regulated application of fertilizer
on a golf-course of comparable area.
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(3) Despite apparently being little studied, VAAR appears not to be considered hazardous
as such. Furthermore, in this Black Smoke formulation it is used in small quantities. It is widely
used in products to which people and the environment are far more likely to be exposed than
production or demilitarization of the Black Smoke pyrotechnics. However, from a routine
production standpoint, the extensive use of VAAR in manufacturing operations may be associated
with the release of volatiles. Thus, the use of VAAR may have industrial hygiene concerns or
regulatory compliance issues associated with atmospheric releases.

(4) Black powder, a pyrotechnic and ordnance staple for centuries, is a mixture of
compounds addressed herein and is not expected to cause adverse health effects if used as
intended.

(5) Respiratory irritation and sensitization is a common feature for several of the
components of the formulation. While transient exposure to Black Smoke is likely to be relatively
harmless, repeated or long-term exposure to either high concentrations of the smoke or
occupational exposure to the complete formulation should be evaluated and appropriate personal
protection equipment should be identified, if necessary. '

(6) Magnitude of exposure of black smoke constituents and smoke products is largely
unknown for force-on-force applications. It is expected that those individuals involved with using
this system in day-to-day training activities would have the greatest propensity for exposure.

9. RECOMMENDATIONS. Development of the proposed Black Smoke formulation should
continue. Additional data should be collected relating to potential products of combustion and
their inhalation toxicity in mammalian systems of both the dyes and the compiete formulation. In
addition, it is recommended that in vitro toxicity testing and aqueous ecotoxicity testing be
conducted for the dye mixture.
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